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This initial report provides the results of DWRõs impairment investigation 

requested by the U.S. Fish and Wildlife Service related to their water rig ht for the 

Quivira Refuge , Water Right File No . 7,571. 

The United States Fish & Wildlife Service (Service) holds Water Right File 

No. 7,571, a surface water right near the bottom of the Rattlesnake Creek for its 

Quivira National Wildlife Refuge. The Refugeõs water right entitles it to take water 

from Rattlesnake Creek at three points of diversion at a combined maximum 

diversion rate not in excess of 300 cubic feet per second and a quantity not to exceed 

14,632 acre-feet of water per calendar year for recrea tional use.  The Refuge is 

located along the Central Flyway and consists of 7,000 acres of wetlands. The 

Refuge uses water primarily to provide habitat for several hundred species of birds 

and other animals, including several federally protected endangered species. 

Over the last three decades, the Service has alleged the junior groundwater 

pumping above the Refuge has resulted in periods of significant water shortages at 

the Refuge. For more than 15 years, the Service has worked with the Rattlesnake 

Partners hip seeking to bring about voluntary reductions in use to improve it supply.  

On April 8, 2013, the Service requested this impairment investigation.  

DWR gathered additional information on the Refugeõs infrastructure, historic 

use and shortages, and patter n of its water needs at the Refuge as part of this 

investigation.  DWR used the GMD 5 groundwater model to determine the 

magnitude and timing of streamflow depletions due to upstream, junior 

groundwater pumping on water availability at the Refuge. Finally,  DWR compared 

the streamflows that would be available but for the effect of the junior groundwater 

pumping with the seasonal needs of the Refuge  to estimate the potential magnitude 

and frequency of impairment in the record reviewed . 

A technical report on t he investigation and data analyses is attached hereto.  

Based on our impairment investigation, I make the following findings 

conclusions. 

Findings  

Upstream, junior groundwater pumping within the Basin is and has been 

significantly reducing water availabilit y at the Refuge on the order of 30,000 -60,000 

acre-feet per year  over the recent record ( 1995-2007). 

In comparing the seasonal needs of the Refuge within the scope of its water 

right with water that would have been available at the Refuge but for the effec t of 
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junior pumping, I find that the Refugeõs water supply has been regularly and 

substantially impacted by junior groundwater pumping (see Figures 5 -8 and Figure 

9 of the report).  Over the 34 years review ed, shortages were greater than 3,000 

acre-feet in  18 years, particularly during periods of limited water supply.  

As evidenced by various scenarios reviewed in the modeling report, while it 

will take years, reductions in groundwater pumping will restore streamflow at the 

Refuge.  

DWRõs analysis of water right data, water use data, and our groundwater 

modeling analysis indicates that , due to the relatively small amount of pumping 

adjacent to the stream and the multi -year lag between pumping reductions and 

streamflow enhancement, real -time administration of junior groundwater pumping 

(i.e. curtailment only during periods of shortage) is unlikely t o restore streamflow 

quickly enough to prevent impairment at the Refuge. Long-term reduction s in 

upstream, junior groundwater pumping and/or augmentation remain the principle 

remedies to the impairment found herein.  

The conclusion of impairment is based on simulations of the GMD 5 

groundwater model and a retrospective analysis of the Serviceõs needs. While I find 

this sufficient to conclude that impairment has occurre d in the past and will occur 

in the future, the actual magnitude and timing of future impairment will depend on 

the specific circumstances. I would further note that the Service has indicated that 

significant drought periods , and the resulting water shorta ges, are part of the 

natural hydrologic cycle. Thus , there may be periods when the Refuge will have 

shortages without a request for water administration by the Service 1. This may 

reduce a limited number of the peak shortage s estimate d in our analysis. Even with 

this, it appears that groundwater reductions and/or augmentation will be needed to 

increase available streamflow at the Refuge by 3,000 to 5,000 acre-feet on a regular 

basis. 

Conclusion  

Based on the result s of this investigation, I conclude that upst ream, junior 

groundwater pumping regularly and significantly impairs the Service õs ability to 

use its Water Right File No. 7,571.  

Further, I find this impairment is not substantially due to regional overall 

lowering of the water table , but is principally due to on-going impacts of junior 

                                                           
1 Rattlesnake Creek Management Plan Proposal, Rattlesnake Creek Partnership, June 2000. Available online at 
dwr.kda.ks.gov/impairment/RSC.Quivira/TechReport.Attachments/ 

http://dwr.kda.ks.gov/impairment/RSC.Quivira/TechReport.Attachments/
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groundwater pumping and the associated reduction in outflows from the 

groundwater system to the stream system.  

Pursuant to K.A.R. 5 -4-1, this initial report is posted on the agencyõs website 

as of December 2, 2015. agriculture.ks.gov/divisions -programs/dwr/water -

appropriation/impairment -complaints/quivira -national -wildlife -refuge. 

http://agriculture.ks.gov/divisions-programs/dwr/water-appropriation/impairment-complaints/quivira-national-wildlife-refuge
http://agriculture.ks.gov/divisions-programs/dwr/water-appropriation/impairment-complaints/quivira-national-wildlife-refuge
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 Executive Summary  

Quivira National Wildlife Refuge (òRefugeó) is located in south-central 

Kansas and primarily gets its water supply from Rattlesnak e Creek which runs into 

and through the refuge. The Refuge is located midway along the Central Flyway 

and consists of about 7,000 acres of wetlands. The Refuge uses water primarily to 

grow feed crops and maintain wetlands at certain depths to provide habit at for 

several hundred species of birds and other animals, including several federally 

protected endangered species. The Refuge is owned and operated by the United 

States Fish & Wildlife Service (Service), a part of the United States Department of 

the Inte rior.  

After nearly three decades of expressing concerns that junior groundwater 

appropriators upstream of the Refuge are depleting the streamflow in Rattlesnake 

Creek, and working with local water users and the groundwater management 

district to try to fin d solutions to their concerns, the Service lodged an impairment 

complaint with the Kansas Department of Agriculture Division of Water Resources 

(KDA -DWR) in an April 8, 2013 , letter.  

The Service owns Water Right File No. 7,571; which is senior in priority to 

about 95% of the water rights in the basin, and which entitles the Refuge to divert 

up to 14,632 acre -feet of surface water each year from Rattlesnake Creek, when 

water is available.  

Results from KDA -DWRõs simulations using a groundwater model 

commissioned by Big Bend Groundwater Management District #5 (òGMD5ó) and 

built by groundwater modeling consultants, show that junior groundwater pumping 

upstream of the refuge has significantly reduced streamflow available to the Refuge 

over the years.  

Using the m odeling results and the Serviceõs operational guide, which lays 

out the Refugeõs seasonal water needs, KDA-DWR finds that junior groundwater 

pumping in Rattlesnake Creek impaired the Refugeõs water right, to varying 

degrees, in 28 of the 34 -years 1974-2007. The results showed that the impairment 

was greater than 3,000 acre -feet in 18 of the 34 years. However, the results also 

showed that, because groundwater moves very slowly, shutting off junior 

groundwater pumping would take two or more years to significa ntly benefit 

streamflow.  
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Since there have been no substantial long -term changes to pumping levels or 

precipitation trends in the region of the basin  closest to the Refuge, it is reasonable 

to conclude that the impacts to streamflow caused by pumping will c ontinue into 

the foreseeable future .  
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 Procedure, Content, and Nature of this Report  

This report was developed pursuant to the duties and responsibilities of the 

chief engineer and KDA -DWR set forth in the Kansas Water Appropriation Act, 

including but not  limited to K.S.A. 82a -702, 82a-706, 82a-706b, 82a-707, and 82a-

711a, and the procedures set forth in K.A.R. 5 -4-1. 

This technical report was developed to support the initial report of the chief 

engineer as described in 5 -4-1(c)(2). 
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1. Introduction and Backgrou nd  

After several decades2 of expressing concerns that junior groundwater 

pumpers were interfering with and harming the management operations of the 

Quivira National Wildlife Refuge (òthe Refugeó) by depleting the streamflow in 

Rattlesnake Creek which suppl ies the Refuge, in an April 8, 2013 , letter, the United 

States Fish & Wildlife Service (òServiceó) lodged an impairment complaint3 with the 

Kansas Department of Agriculture Division of Water Resources (òKDA-DWRó).  

This report summarizes KDA -DWRõs resulting investigation.  

In the late 1980s, the Service began to express concerns to KDA -DWR and 

Big Bend Groundwater Management District #5 (GMD5), that junior appropriators 

were reducing the flows in Rattlesnake Creek such that the Refuge was prevented 

from exer cising its water right and its operations were being negatively impacted. 

In 1994, the Service entered into the Rattlesnake Creek Partnership (Partnership) 

with GMD5, KDA -DWR, and a group of local water users called the Water 

Protection Association of Cent ral Kansas (WaterPACK) to find a way to address the 

Serviceõs concerns. In 2000, the Partnership finalized a 12-year plan (Management 

Plan) to address USF&Wõs concerns and submitted the plan to the KDA-DWRõs 

chief engineer who approved it. The Management P lan called for KDA -DWR to 

prepare and submit a report every four years 4 on the progress made towards the 

planõs goals. 

Near the end of 2008 , GMD5 began work on developing a hydrologic model of 

the district (òGMD5 Modeló), including the Rattlesnake Creek Basin and the 

Refuge. KDA -DWR participated in the peer review of the model development. The 

GMD5 Model was completed in 2010.  

In 2012, the last four -year review of the Management Plan was conducted by 

KDA -DWR and submitted to the Partnership for approval. KD A-DWR found that 

over the course of the Management Plan  water savings from  incentive -based 

programs and enhanced compliance and enforcement, yielded 2,804 acre -feet, just 

                                                           
2 See Attachment 1 (March 5, 2013 letter from United States Fish & Wildlife Service to Kansas Department of 
Agriculture Division of Water Resources) 
3 See Attachment 2 (April 8, 2013 letter from United States Fish & Wildlife Service to Kansas Department of 
Agriculture Division of Water Resources) 
4 Three four-year reviews of the Rattlesnake Creek Partnership Management Plan were prepared and 

are available at dwr.kda.ks.gov/impairment/RSC.Quivira/TechReport.Attachments/ 

 

http://dwr.kda.ks.gov/impairment/RSC.Quivira/TechReport.Attachments/
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over 10% of the goal of 27,346 acre -feet of savings laid out by t he Partnership. Ther e 

was no significant reduction in irrigated acres and the amount of irrigation water 

applied per acre has remained generally constant when factoring in the effects of 

precipitation.  GMD5 and WaterPACK did not accept KDA -DWRõs 2012 review 

report.  

After receiving the Serviceõs 2013 impairment complaint, KDA-DWR began 

using the GMD5 Model to evaluate the historical impacts that junior appropriators 

have had on Rattlesnake Creek streamflow. Simulations using the GMD5 Model 

show that stream depletions (depletion s to baseflow) caused by junior appropriators 

are on the order of approximately 30,000 acre-feet to 60,000 acre-feet for the period 

1995-2007.  Comparing these depletions with the seasonal needs of the Refuge 

within its water right shows that the Refugeõs water right was impaired by 

upstream junior groundwater pumping in 28 of the 34 years of the simulation 

period 1974 -2007. Further, the simulations also show that because of the relatively 

slow movement of groundwater, the time between when a pumping well i s reduced 

or shut off and when the water that would have been streamflow but for the 

pumping is restored to the stream is on the order of two or more years, or even 

decades, depending on the wellõs distance from the stream. 
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2. Hydrogeologic Setting  

The descriptions below are take in large part from òA Computer Model for 

Water Management in the Rattlesnake Creek Basin, Kansasó (Kansas Geological 

Survey, The University of Kansas and Department of Civil Engineering, Kansas 

State Univer sity, 1997) . Internal citations are omitted.  

The Rattlesnake Creek basin is approximately 1,317 square miles in area and 

is located within the Great Bend Prairie of south -central Kansas. It is 

approximately 95 miles long and 18 miles wide with the long a xis oriented in a 

southwest -to-northeast direction. Parts of Rice, Barton, Reno, Stafford, Pawnee, 

Edwards, Kiowa, Pratt, Ford, and Clark counties are included in the basin, with 

Stafford, Kiowa, and Edwards counties covering more than 82% of the watershed  

area. 

The watershed is located in two physiographic regions. The upper 85% of the 

watershed is located in the Arkansas River lowlands (Great Bend Prairie region); it 

is a relatively flat alluvial plain characterized by sand -dune topography with 

moderate slopes and small hills separated by small basins. The upper 15% of the 

watershed belongs to the High Plains region, which is also a comparatively flat 

alluvial plain dissected by intermittent streams and exhibiting shallow depressions 

and gentle swells. Muc h of the sand -dune area of the watershed is covered by 

vegetation, and a large part of it is farmed; the watershed is primarily agricultural.  

The watershed is drained by the Rattlesnake Creek, which is a meandering 

stream flowing from the High Plains regio n northeasterly into the Great Bend 

lowlands area where it empties into the Arkansas River. A number of smaller 

streams merge into the Rattlesnake Creek throughout its course from the highlands 

to the Arkansas River.  

The primary source of recharge to the s ystem is infiltration from 

precipitation, which varies spatially within the basin. Recharge varies with the soil 

type. The Rattlesnake Creek and its tributaries are a source of water to the ground -

water system in the western parts of the watershed, where s urface runoff into the 

stream eventually percolates into the subsurface. In the north -eastern parts of the 

watershed, the Rattlesnake Creek is essentially a gaining stream as recharge is 

discharged into the stream system from approximately Macksville downs tream. The 

Quivira marsh in the lower reaches of the basin acts as a drainage outlet for the 

ground -water system.  

Figure 1 illustrates the effect of groundwater pumping on streamflow.  
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Figure 1 - Effect of Groundwater Pumping on Surface Water 
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3. Water use summary  

  

Table 1 - Summary of Rattlesnake Creek Basin Water Rights 

Year of record 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Groundwater 1,680 1,680 1,680 1,680 1,680 1,680 1,680 1,680 1,680 1,680 1,680 1,680

Surface Water 10 10 10 10 10 10 10 10 10 10 10 10

Quivira (included in Surface) 1 1 1 1 1 1 1 1 1 1 1 1

Junior to Quivira 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599 1,599

Senior to Quivira 90 90 90 90 90 90 90 90 90 90 90 90

Groundwater 1,374 1,371 1,367 1,368 1,379 1,378 1,376 1,375 1,376 1,377 1,381 1,381

Surface Water 5 5 5 5 5 5 5 5 5 5 5 5

Quivira (included in Surface) 1 1 1 1 1 1 1 1 1 1 1 1

Junior to Quivira 1,304 1,301 1297 1298 1,309 1,308 1,306 1,305 1,306 1,307 1,311 1,311

Senior to Quivira 74 74 74 74 74 74 74 74 74 74 74 74

Groundwater 208,499 167,241 169,229 200,386 152,764 175,749 169,163 190,372 251,259 212,251 172,422 174,368

Surface Water 1,747 9,701 4,591 4,907 31 3,329 1,766 8,539 3,351 2,275 2,728 2,199

Quivira (included in Surface)1,727 9,679 4,559 4,875 0 3,323 1,760 8,526 3,320 2,249 2,712 2,178

Total water use (AF) 210,246 176,941 173,820 205,293 152,795 179,078 170,929 198,911 254,610 214,525 175,150 176,567

Groundwater 252,258 252,258 252,258 252,258 252,258 252,258 252,258 252,258 252,258 252,258 252,258 252,258

Surface 14,902 14,902 14,902 14,902 14,902 14,902 14,902 14,902 14,902 14,902 14,902 14,902

Quivira (included in Surface)14,632 14,632 14,632 14,632 14,632 14,632 14,632 14,632 14,632 14,632 14,632 14,632

Total 267,160 267,160 267,160 267,160 267,160 267,160 267,160 267,160 267,160 267,160 267,160 267,160

Groundwater 83% 66% 67% 79% 61% 70% 67% 75% 100% 84% 68% 69%

Surface 12% 65% 31% 33% 0% 22% 12% 57% 22% 15% 18% 15%

Quivira (included in Surface) 12% 66% 31% 33% 0% 23% 12% 58% 23% 15% 19% 15%

Total 79% 66% 65% 77% 57% 67% 64% 74% 95% 80% 66% 66%

# of Irrigated Acres

Groundwater 160,692 161,606 157,722 160,660 158,168 160,400 160,129 160,867 161,316 160,274 158,510 158,765

Surface 21 0 0 0 0 0 0 0 0 0 0 0

Authorize Quantity (AF)*

% of Authorized Quantity Used*

# of Water Rights *

# of Water Rights Reporting Use

Water Use (AF)  
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Table 1 summarizes the basinõs water rights and water use information5 over 

2003-2014. Over 98% of the water use in the basin is from groundwater. The 

Refugeõs surface water right accounts for 98% of all the surface water appropriated 

in the basin and is senior in priority to about 95% of all the water rights in the RSC 

Basin ð groundwater and surface water.  

 

4. The Refugeõs Water Right 

The Refugeõs Water Right File No. 7,571 was filed in 1957, approved by the 

Chief Engineer in 1963, and finally certified in 1996. Due to a lack of streamflow 

data and 1973 flooding damage to several of the Refugeõs water control structures 

                                                           
5 The Water Right Information System database, from which Table 1was compiled, does not contain 

records of the years in which water rights were dismissed. Water rights dismissed during 2003-2014, if any, are not 

represented in Table 1. The same is true for authorized quantity associated with dismissed rights. 

Figure 2 - Rattlesnake Creek Basin map of water rights 
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which took years to repair, the original perfecti on period was extended. 1978 was 

the first year that the Refugeõs water use was considered to be well-documented and 

representative of normal operations. 1987 was chosen as the year of record which 

ultimately defined the Refugeõs water needs and proposed certified water right. See 

Attachment 3. In a subsequent memorandum, KDA -DWR noted and recommended 

correcting a 45 acre -foot transposition error in the original certification 

memorandum. The corrected quantity was ultimately certified.  

The Refugeõs water right entitles it to take water from Rattlesnake Creek at 

three points of diversion at a combined maximum diversion rate not in excess of 300 

cubic feet per second and a quantity not to exceed 14,632 acre -feet of water per 

calendar year for recreational use.  See Figure 3 below and Attachment 4 . 

Like all Kansas water rights, the Refugeõs water right does not guarantee the 

availability of any certain amount of water, rather it entitles the Refuge to its 

authorized rate and quantity sub ject to prior and vested rights, and the availability 

of water. The Refugeõs water right entitles it to divert the water that is available at 

the times when it is most beneficial. Even though a quantity in excess of the 

Refugeõs annual water right might pass by the Refugeõs point of diversion in any 

given year, the test for whether the Refugeõs water right has been diminished in 

value or utility ð impaired ð is whether the Refuge could have more fully exercised 

its water right if junior diverters had not ta ken the streamflow out of priority.  

5. The GMD5 Groundwater Model  

In 2008, GMD5 commissioned Balleau Groundwater, Inc. to develop a 

numerical groundwater model of the district. The model was peer reviewed 

throughout its development by KDA -DWR and KDA -DWRõs consulting expert, 

Steven P. Larson of S.S. Papadopoulos and Associates. The model was completed in 

2010. The Model report and peer review report are available at 

dwr.kda.ks. gov/impairment/RSC.Quivira/TechReport.Attachments/  . 

The GMD5 model was built with seven layers, each layer representing a 

geologic formation at a range of depths below the surface of the ground. One of the 

principle reasons for using multiple layers in t his model was so that the movement 

of water contamination plumes could be simulated and management strategies to 

contain those plumes could be evaluated. The complexity of the seven -layer model 

requires significant computer resources and time to run simula tions.  

  

http://dwr.kda.ks.gov/impairment/RSC.Quivira/TechReport.Attachments/
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To evaluate the effects of pumping on groundwater levels and the discharge  

of groundwater into the stream system, a one -layer model, if properly designed and 

calibrated, is sufficient. S.S. Papadopoulos and Associates simplified the GMD 5 

model by òcollapsingó the original seven-layer model into a one -layer model so that 

it could be used to run scenarios in minutes instead of hours. The conversion from 

seven-layer model to one -layer model did lose the vertical resolution needed to 

Figure 3 - Refuge features  
credit:US Fish & Wildlife Service 










































































































